
2.3.3 Horizontal 

OrificeFigure 

2.3.3.2 Estimated 

10" 
S=VTop 

of 
sewer downstreamExit 

lossFriction 
lossBend 

lossSubtotal 

above 

horizontalOrifice 
Entrance 

loss 0.5 V 2gEnlargement 

lossHGL in 
orifice 

chamberHGL in 
diversion 

chamber2.0 1.5 
openingV Q- (0.7 (3) 

(8.03); HGL in Orifice 

ChamberDifference in 
HGLRatio 10-year 

storm4.30.0397.913.900.973.900.2419.0Yes(8.60.580.0219.6119.600.0719.530.08Close 

enough8.61-year 

storm3.90.0327.213.900.813.200.2018.11Yes(7.80.470.018.598.500.0518.450.4Close 

enough7.82.4 

Laping 

2.4.1 

DescriptionLeaping 

weirs 

are of two 
types: (1) 

continuousinvrt 
type; and (2) stepped invert type.The 

continuous invert typ has no drop in 
theinvert at the horizontal orifce in the bottom 

of thesewer to change the elvation of the invert. 
Thstepped invert type has th upstream invert 

raisedabove th downstram invrt. Since regulators usuallyare 
constructd on xisting combined sewers in whichno 

drop has bn provided, this rquirs that a platewith a 
raised lip be installed on th upstream side ofthe 

openingSome designs provide for the installation ofadjustabl 
plats to 
modify the siz of the openingand thus the 

amount of intrcpted flow. However,considering the 

effect 

of bridging and clogging of thewir with 
debris, 

th necessity of making such closeadjustmnts is 
questionable. It is also doubtfulwhether such adjustments 

are vr made aftrcompletion, due to he difficulty 
of operating nuts orbolts in constant 

stream of swag.2.4.2. Design GuidelinesTher arc no 
gneraly acceptd design criteriafor a 

leaping weir. Several design 
mthods are givn instandard text books and 

desgners 
are referred tothse for further information.35 



2.5 SideSpill Wirs2.5.1 
DescriptionTh 

small regulator shown on Figure 
2.5.1illusrates 

how a sid-spill wir can be constructed inan 
existing manhole. n the cas shown, the designralso has 

added a manually oprated gate a th outletto the 
intercptor 

to further regulate he diverdflow. It should 
be noted that too great restrictionon the outet may 
mak the side-spil weir formulainappicable.FIGURE 

2.5.1.SIDE - 

OVERFLOW 
WEIRFOR 

SMALL OVERFLOWSTANDAR 
MANHOLFRAME 



Energy 
line level= Depth of flow 

Quantity flowingA 
Are of flowAssume 

the value 
to 

be fxed, thenQ A[g(H-d)l 8.02A 
To 

construct the Q curv, let d vary 
from zero to and for each increment compute value 

of Q. Plotcomputed values of Q on horizontal axis 
vs.corresponding valu of d on vertica axis. 
For a givenfixed th maximum value Q will b atd=o-d 

where is the mean depth. For arectangular 
secion d=2/3 Ho; for a triangularsection 

d=4/5 HQ; similarly for other cross secions.The 
value of is the critical depth. For a givenenergy level 

he maximum discharge will be at adepth if th 
Q flowing is the necessary quantty tosupport that 

flow depth.The following is based in part on a 
presentaionby 

Prof. in his book 
published in 1955.In me case of channels in 

which 
flows upstreamof the side weir are at depths 

greatr than 
thedeterminations of diversion over the weir arc 

startedfrom the downstram nd of the sid weir. In caseswhere th flow depth upstram of the side weir islowr 
than "d the determinations should beginfrom theupstream 

nd of the weir. The Q curve isdrawn from the 
channel sction immediatelyupstream of th side-weir. 

The length of weir isstimated for the first 
calculation and hen adjustedby trial. Generally, 

known formulas may be used forfirst trial. 
A side-spill weir flow formula adjusted by asafety 

factor may utilized for trial purposes. Mean value 
of head on weir)For computation purposes the side weir 

is 
dividedinto an equal number of parts— tc. 

Theabove wir formula 

is also used for calculation of 
mepartial flows. Horizontal lines are drawn to the 

Qcurve to represent th level of the side-spill weir 
andthe maximum flow elevation in the channel 

upstamor 
downstream as the cas may be. Th flow 

elevationdownstream is dtrmined in relation to the desiredmaximum 
flow to be delivrd to treatment facilities,employing 

usual procedures. In me case of anupstream flow 
dpth greatr than critical,computations begin at 

the downstream end of thside-spill weir. Th downstream 
watr surfacelevation, as above determined, 

minus me elevationof the weir crest, gives 
the weir head h from whichthe partial flow is 

calculated; Subtracting the firstpartial 
discharge 

from Q on the Q curve stablishesthe next water 
surface level which, in turn,determines on Sction 

Again is computedand the procedure repated until 
the entire watersurface curve for me side-spill 

weir 

is established. As acheck, the summation 
of 

parial should equal he desird diversion 
quantity. 

In th case of anupstream ow depth less man 
critical, the procedureof calculation is similar except 

that computationsbgin at the upstream nd. In the 
event of lack ofagreement, the side-spill wir length 

must 
bemodifid, lngthened or shortened, and 

calcuationsrpeatd 
unil agreement with Q - is obtained.The 

above-described method ntails, of necessity,a 
procedure 

becaus of the unknownvarying head conditions 
on parts of me side-spil weir.The theoretica 

considrations of the method are predicatd on the 
following:1 Steady flow conditions exist;2. Weir 

is in a long channel of uniformcross-sections;3. 
Crest of me weir is parallel to the bed of thechannl;4. 

Uniform flow exists upstram anddownstream of 
the weir;5. Energy lin is parallel to 

the bd of thechannel; and6. 
Discharge 

ovr weir may be computed by awir-type 
expression.Alternative 

Method for Designof Side-Spill WeirsA 
more 

direct determination of weir length 
wasdeveloped by Mr. Peter 

in a paper published inthe Proceedings 
of 

the Institution 
of Civi Engineersin 1957, titled *A 

Theoretica Consideration 

of SideWeirs on Storm Water 
Overflows."The 

formulas developed by Ackers apply only toa faling 
profile and only whn the weir height is lessthan 

half th height of th enrgy line relative to thechannel 
bottom. If these conditions are satisfied theformulas 

presented by Mr. Ackers offer 
a rapidapproach to the determination of required 

length forthe sid weir. This method is inapplicable 
with arlativly high sid weir. The insertion of 

dip-plates(scum 
baffles) may greatly rduc the discharge if 

theclearances are small and formulas for this 
conditionae also developed in me paper. Furthr this 

methoddoes 
not tak account of downstream control. 

Wherea 
controlled outlet exists me method should beappied 

with discrimination and only whereconditions arc such 

that a faling profle wouldotherwise occur, i.e., 
is 

lss than 1. The paperalso discusses the effect of 

a tapered channl on themthod and states that a rate 
of taper in excess of theratio of the 

overflow 
per unit length to the channel37 



th weir is rlativly ppr develops 
a gneral differentilequaion for the 

along a side weir andby substitution of certan 
factors 

derivs formulas forthe lngh of wir basd on a 
selected 

ratio ofupstream head on the weir to downstream 
head onweir. The theoretical profl is shown 

in Figur 2.5.2.The formulas are as follows:Ratio 
57101520Formula for 

2.03(2.81L=2.03B(3.90=2.03B(5.28L 2.03B 
(7.23L=2.03B8.87.1.55 

2.03c/E)• 2.63 

3.45c/E•4.13c/E)Notes 
to 

above: Add 
10% for 

broadcrestd 
wir.Halve 
length for 

double-sidd weir.The notation used is as follows:= 
length of weirh upstream head 

on downstream head on wenn h/h 
height of weir 

crest above invert width 

of channl or of pipe 
specific 

energy 
related to invert specific energy 

related to weir cresta (apha) 
velocity 

correction coefficient3 (bta) 

prssure correction coefficient.Upstream of 

the weir is 1.2 and 3 is unity.Along weir 
a is 1.4 and (3 is 0.8Th original pap gave 
th folowing formua forcomputing total head based 

on flow upstream of theweir. 
1.2 (Equation 1)Howver, in discussion published 

subsquntly stated th use of this equation "could 
lead 

toanomalies." Therefore, he suggests 
computing thehead at the upstram end of 

weir 
based on thassumption that h which results 

infollowin: 2gA 3 (Equation 1}If the area of th 
water in a rctangular channel,i.e. B (c is 

substituted for equation 2becomes: (E/2c 
/(2) 

(Equation 3}Figure 2.5.3 was developed 
to solv thisequation for for rectangular channels.For 

circular sctions the procedure might be theus 
of 

equation 
I for prliminary value of andthen 

the use of 
quation 2 by trial and ero for amore exact 

value.Having determined and having selectd 
theratio of n, the required lngth of wir can 

beetermined by us of Figur 2.5.2, r by thquaions given 
previously:xampl by A Metho:A combined sewr 48 

inchs in 
diameterconsructed 

on a slope of 0.002, with Manning 
of0.013 has a capaciy of 65 flowin full. 

Thaverage 

dryweathr flow is 6.5 cfs. It is desired 
todivert flows in excss of 
2 x Upstream ow 65 

cfsUpstream 
swer 48 in. dia.Flow to be 

diverted 52 cfs criical depthd normal dpth 
diameter= 

swer capacity dsign flow() Critical flow 
depth 

in 48-inch-diamtr pipevs. maximum flow depth: From 
Figure 26, manual No. 37d/D 

0.60, d 0.60 x 4.0 2.4 
feetd= 0.8x4.0 =3,2 feetSinc 

is greater than drawdown 

will occurat side 
wir;(2) Detrmine 

cforQ=2xDF=13cfsq/Q 
13/65 =0.20 

0.80, 0.30 
x 4.0 1.20 feettherfore c= 1.20Weir crest must 

b set .20 fet abov invrt sothat 2 DWF 
can continue 

directly downstream.(3) Determine Assume 
Figure 2.5.3 is 

applicable 
for circularchannls.From Figure 2.5.2 B 

0.60Since is 
less than 1.0 

a falling profil 
willdevelop.(4) 
Determine LUse n 5 and 0.60From 

Figure 2.5.2 c 
3.9= 

3.9x4.0= 15.6 fl or7.8 fet per side if doubl 
weir is usd.(5) Detrmine and h 0.60 1.20/0.60 

2.00 1.00 
fet(double weir)h 0.5 =1.00 feeth =1.00/5 =0.20 

fet(6) 
Dtermin flow to 

plantd=c+ 
h =1.20 +0.20= 1.40d/D =1.40/4.00 
=0.35 0.26 (from chart of hydraulicpropertis)q 

0.26 
65 17 cfs 

which is greaterthan 13 
cfs desired38 



FIGURE 



(7) Determine flow to plant for 
10Ifn=IO 

were selected then 
7.5 4.0 30 feet2= 

1.00/10 
=0.0 feet and= 15 2.6 

Inteal 
Self-Priming Siphons2.6.1 

DescriptionSelf 
priming 

siphons may be classid into twotypes: (1) Intal 

self-priming where the siphonaction is induced by 
flow in the siphon, and (2)exteal selfpriming 

whre the siphon action isinduced by flow in a 
priming tube situatd outsidethe siphon. An internal 
type is shown in Figure 2.6.1.The following discussion 

relates to internalself-priming siphons.The 
internal slf-priming 

siphon consists of: (1)Entrance sction; (2) leg; 

(3) vertical throatsection; (4) leg; and (5) outlet 

section. The lg is designed with an adverse slope to 

aidin creating negative pressure at the summit. As 

thwater level rises to the crest of the siphon the 
watrflows over the crest in a sheet and strikes the 

oppositewall 

of the downflow leg thus scaling the siphon. 
Asthe shet falls it carries air from th summit with 

i.Whn the upstream water level rises enough to sea]the air 
vent the falling sheet of water carris out 

theremaining air in the summit and the siphon dischargesat 
full capacity. The siphon continues to dischargeuntil 

th upstream water surfac fals below the airvent 
andenough air is admitted to the siphon summitto stop 

the action. For quick priming actionit is advisabl 
to 

provid a water sal at the siphonoutlet.2.6.2 Design 
GuidelinesThe use of this type of siphon is 

consideredherein 

for discharging excess 
storm flows to thereceiving watrs.The enrgy 

quation for flow through a siphonis: f( 
2g)where H 

difference in elevation of upstreamand downstream 

water surfac in feetFIGURE 
2.6.1UPSTREAMP_-AIR VENT PIPEWATER SURFACEUPFLOW 

LEGINTERNAL 
SELF-PRIMIN SIPHON40 



velocity in friction 
coefficient1 length 

of siphon in feet diameter 
of siphon in feet loss 

coefficients for entrance, transition,bnd and xit 
losses.Due to the 

diffculty in determining th properloss coefficients 
in the above equation the followingequation also has 
been used: (2 wher 

discharge 
in coeffcientA 

area of throat in 
ft. same as 

above in ft.The valu of C may 
vary from 0.3 to 1.0 

butgnerally will range from 0.5 to 0.85 in 
awell-dsigned siphon.Design criteria for 

siphon and values of 
thevarious loss coefficints are given in paragaph 

207 ofDesign of Small Dams, Bureau of Reclamation, 
FirstEdition I960." Figure 237 of that publication is 

achart for dtrmining the value of C for use in 
anequation simila to th one given above.Due o the 

uncertainty in selecting the proper Cvalue, 
some engineers in the past hav recommendedthis 

b determined by model test of proposedsiphons.On 
a recnt project in England, in 1958, siphonswere 

made 
of sheet copper and tested beforeinstallation. 

The copper siphons were thn encasd inconcrete 
during construction.Th following criteria are 

based 
on- Britishexperienc:1. The 

air vnt pip should have minimumara of six 
percent 

of 
the throat area.2. A sealing basin at the 

outlet is necessary forefficient 
priming.3. 

A two-inch depth of flow over the crst atthe 
summit is the 

maximum necessary to primthe siphon.DYNAMC 
REGULATORS - SEMI-AUTOMATIC.2.7 Float Operated 

Gates2.7.1 

DescriptionThis regulator may 
consist 

of three chambers: 
(1)Diversion chamber; 

(2) regulator chamber; and (3)tide gate camber, 
when required (Figure 2.7.1).The divrsion chamber 
contains a dam to deflctthe dry-wather flow 

into 
the regulator chambr. Inflat regions, th 

diversion dam usually is st amaximum height of six 
inches 

above de invert of the"combined swer to 
minimiz 

backwatr effectsupstream in the combined sewer 
during storm flows.The diversion channel invert 

is established so thatpak dry-wather flow can be 
diveted withoutflowing over th dam. Excess storm 

flow will passovr the dam into the tid gate 
chamber and tooverflow.The regulator chamber contains 

the float, thergulating gate and the 
interconnecting 

between the float and the gat. The gate is 
installdon an opening in th common wall between 

theregulator and diversion chambers. Usually th float 

issituated in a well which is connectd by a 
telltalepassage to th channel of the combind sewer in 
thediversion chambr, or to the channel of theinterceptd 

flow in the regulator chamber.There are thre 
principal methods of controllingth regulating 

gat. Thes are dsignated herein asTyps A, 
and C. In the Typ A control th telltalepassage 

extends from the float well to the combinedsewer 
and thus reects the watr levl in thecombined sewr. This 

method is used if it is desiredto prevent any 
diversion of flow to the interceptorwhen the water 

surface in the combined sewerreaches a certain 

level.In 

the Type B control the telltal passage extndsfrom 
the float wll to th flow channel in 

theregulator chambr. This 
type used if it isdesird to divert a certain quantity 

to the branchinterceptor before reducing 
the amount diverted fromthe combined sewr.The Typ 

control 
is similar to Type B xceptthat an orifice pate 

is installed n the flow channeldownstrea the ntrance 
of the teltale 

to 
thechannel. This type of contol is used if 

it 
is desird topass a prdetermined quantity through the 

regulatorregardless of conditions in either th 
combned seweror the interceptor. Tils type of control canb 

designed so that the dsired discharge can becontrolled 
within plus or minus 5 to 10 percnt. TypC contro 

is considerd the most desirable and is usedhrein for 
illustrative purposes. A typical layout of aregulator 

using tle Type C control is shown on Figure2.7.1.2.7.2 
Design Guidelins and Formulas ControlFor design, 

obtain all perinent data for the.combined swer at the 
proposed location of theregulator including diamter, 

invert 

elevation, slope,avrage and pak dry 
wather flow 

and peak stormflow. Similar data must obtained 
for theinterceptor at the proposed junction 

with the branchinterceptor. If th interceptor is being 
designd in41 



FIGURE 



conjunction with the regulator, assume the elvationfor 
the interceptor and adjust as necssary 

bysubsequent 
computations.First, 
set the limits on the maximum flow to 

bediverted 
to the interceptor Usually the objct is todivert 

the peak dry-weather flow to the interceptorand 
hence this value is selected as the maximumdry-weather 

discharg through the regultor. Thisrepresents 
the maximum discharg with the gate fullyopen and 

only dry-weather flow in th combinedsewer. Then 
th maximum discharge through thergulator in 

wet wathr will be the peak dry-watherflow plus a 
minimum 

amount varying 10 to 20percent of the 
peak dry-weather flow—the maximumdischarge through 

the partially closd gate with stormflow in the 
combined 

swer. This minimum variationbtween the maximum 
dry-weather diversion and thmaximum wt-weather 

diversion is necessary toprovide adequate 
variation in the water surfac in thefloat well to cause 
sufficient float travel as xplainedhreafter.For dry wathr 

conditions 
the total availablehead loss is divided betwen 

ft th head losshrough the gate and ft the 
head loss through orifice. Likewise, under maximum storm 

conditionsthe total available head is split 
between 

h inchs, thehad loss through the gate and H inches, 
the head lossthrough the orifice. Th differnc in the 

watersurface upstream of the orifce under 
dry-weather 

andstorm conditions determins th float travl. 
Thedifference in the water surface in the combined 

sewerunder dry-weather and storm conditions 
determinesthe 

amount th gate must close, or the shutter 
travel.If the ratio of shutter travel to float travel 
exceds 2then: (1) A nw head loss must be chosen for 

theorifce; 
or (2) the discharge through the 

regulatinggate 
during storms must b incrased.Computations may 

b made in the followingsteps:1. 
Design 

branch intrcptor for peakdry-weather 

flow.2. 
Using peak dry-weather flow, 

determinehydraulic 
gradient 

at the exit of the regulatorchambr 
on 

th following basis:a. Detrmine th watr surface 
in thintercptor. If a drop 

manhole is required atthe intercptor so 
that flow at critical dpthoccurs, then 

investigate 
to see if th branchinterceptor is long 

enough for the backwatercurve to attain normal 
depth at the upstreamend of the branch 

intercptor. Compute thehydraulic profile upstream 
to me rguatorchamber. Determine th water 

surface in theregulator chamber. Slect 
channel 

width.Determine critical depth. Mak 

flow 

depth15 prcent or more gratr man the 
criticaldpth. Detrmine the energy line, 

hydraulicgrade lin and invert.3. Detrmine 
total availabl head between thehydraulic grade 

line at the exit of 
th regulatorand the dam elevation in the 

combined sewer. Tominimize backwater ffect in the 
combined sewerduring storm flows, it may be advisabl 

to set thedam a maximum of six inches above 
the invert ofthe combined sewer.4. Using about 

one-half 
of the total availablehead as H ft determine 

the orifice 
area.Use (2g2 with 0.70.5. Dtermine the 

hydraulic 
grad lineimmediately downstream of 

the orifice. Use d2 (King 
5th,Equation 4-25)Where depth of 

flowdownstream of orfice depth of flow downstram 
beowturbulenc vlocity at d height of 

oriceQ quantityA 
areaC coefficint6. 

Determine the total 
available head on thebasis of d2 abov.7. 

Determine 
ft. (head loss 

through gate).8. Selct 
rgulating 

gat.Us Q 
CA (2gH with 

C 0.95 to obtainrequired area. Selct th narst 
regulating 

gatesiz. 
On th basis of the size selected, 

determineh 
ft. (Head loss through 

gate.)9. Check orifice size. Dtrmin new 
H ft. onthe basis of h ft. determind in Step 8. 

Rpeatcomputation for total availabl had and orificesiz 
until the error is minor.10. 

Establish rgulator gate elevations so that 
thegate is submerged on th downstram sid withpeak 

dry-weather flow.Using the maximum wet-weather 
diverted flow,procd as 

follows:11. Detrmin m hydraulic grade line at thereguator 
chambr xit. Proceed upstream fromthe upstream 

nd of branch 
interceptor, selectingtrial depths and comparing 

th nrgy lin inthechannl 
with the sum of th nrgy line in thebranch 

intercptor and entrance loss.12. Dtermine 
H in the head loss through theorifice. Use Q CA 
(2g 0.7.13. Check the hydraulic grade line 

downstream43 



of the orifce, using equation in Step 
5.14. 

Determine the hydraulic grade line upstreamof 
the orific.15. 
Detrmin the float travl- as thdifferenc in 

the hydraulic grad line upstream oforifice for 
peak 

dry-weather flow and thmaximum storm 
divertd flow.16. Detrmin 

shutter 
ravel the amountthe shutter of the gat must 

close so that thedischarge duing storm flow 
will not exceed themaximum diverted flow. It is 

necssary to usemanufacturer's charts for this 
computation sincth coeffcient of dischage for 

the gate vaieswith th closing of th gate.17. Dtrmine 
ratio of S.T. o F.T. If 

this ratio isless than 2, design is satisfactory. If 

ratio isgreatr than wo, then redesign mus b made, 
asstatd abov.Sampl computations follow. Th 

hydraulicprofiles 

for thes computations are shown in 
Figure2.7.3.In th design computations friction had inthe 

channls 
arc nglected since these losses areminor. It 

is also assumed that there is complte lossof 
velocity head of the [tow entering th divrsionchamber and 

of m flow entering the regulatorchamber. A bend 
in the channel of thegulator chamber is considered 

advisabl to eliminatthe atter veocity head 
so that the orifice design maydisregard the effect of 
approach velocity.2.7.3 Sample ComputationFloat-Operated 

GatePertinent dataInterceptor sewer 60 

Invert el. 10.0 ft 
14.0 ft. for 34.2 

diversionand 

13.77 
ft. for 30 

cfs 

diversionCombined sewerD=60, Invert el. =7.0 ft S 0.0022Manning 
0.013, (full) 6.2 W.S. cs ft. 

El. 
fps 

dry-weather 
15 1.20 1820 4.3Peak dry-weather 

30 1.70 18.70 5.2Peak storm 120 
4.00 

21.00 
7.0Distance from 

interceptor to regulator on combined 
sewer 

is 00 ft. hydraulic grade 
lineEL 

energy lineUse Brown 

Brown 
Regulator with Type Control. Maximum diversion will exceed 

designdiversion 
by 10 to 20%. 

Use 14%. head 

loss thru regulator gate during dry-weather flow44 
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2.7.3 Float-Operated Gate 

head loss thru regulator gate during storm fowH 
head 

loss thru orifice during dry-weather flowH" 
head 

loss thru orifice during storm flow depth 

of flow diameter 

critical 

depthRegulator 

should 

pass peak dry-weather flowDesign diversion 

Q 30 Maximum diversion 
QQ+ 14% (30) (.14) 

34.2 

cfs QInterceptorBranch 
Interceptor 

Use 

0.03Determine 
hydraulic profile 

34.2 
cfsUse D 30 in 0.007Vfull) 

7.1 
.3 7.1 8.0 fps 2 flow 
depthd 0.8 x 2.5 

2.0downstream endRise 100x0.007 
=0.70upstream 

endELEVATIONInvert 

EL10.00 

14.0013.7712.00 
4.00 

15.002.70 
14.70 

15.70Q 

30.0 cfsQ 

0.88d 

0.71x2.5 

1.77 

ft.V= .12x7. 

8.046 



2.7.3 Float-Operated 

Gatedownstream 

endRise 

0.70upstream 

endReglator 

Chamber 30 Use channel 
width 

2.5 ft.d 1.62 (Fig. 37 

Manual 37)For stable flow 1.5 

1.61 .86Determine at chamber exit 

b trial or energy balanced=2.9ft. HG= 12.70+2.9 =302.9) 

(2.5) =4.13 
15.60+0.26Entrance 

loss 0.5 (1 - 

0.26 0.37EL 15.47 

0.37 
15.84 5.86Check OKNeglect 

friction 

head loss in channelDetermine 

total 

headDiversion dam 7.00 0.50 7.50 

regulator 
15.60Total 

trial 1.90Trial H= 1.90-2= 0.95Determine 
orifice size30 

(0.70 A (8.03 0.95A 

5.48Try 
orifice 2.5 ft. 

wide by 2.19 ft. 

highELEVATIONInvert 

EL2.00 13.77 14.7712.70 

447 

5.472.70 
5.605.8647 



2.7.3 Float-Operated 
GateELEVATIONInvert 

ELDetermine 
HGL downstream of orificed=d 

[+ (from King 5th, 
equation 

4—25) (-2.9 (32.2) 

(2.9)2.9=2.72HGL12.70+2.72 

=15.42Determine 

total 
headDiversion 

dam 17.50HGL 

downstream 

orifice 
5.42Total 

head - 2nd Trial 

2,082.705.42TrialDetermine 

regulating gate sizeTrial h 

total 
head 
- 

H=2.08-0.95=.13 =CA2gH 30 
(0.95) 

(A) (8.03) 1.3 
3.70 

ft.From Brown 
& Brown 

CatalogUse Gate No. 7 A 3.816 in. high 34 wideDetermine 
based on Gate No. 7 

30= (0.95) (3.8) (8.03) 
hFinal h =1.06Redetermine 

orifice sizeH =2.08-1.06 1.02 
ft.30 0.7) (A) (8.03) 1.02 A 

5.30 sq. 

ft.Orifice 
2.5 ft. wide 

2.12 
ft. highRe-check Tota 
headHGL downstream orifice 
5.40Diversion 

dam 7.50Final total head 
2.102.7015.40Final48 



2.7.3 Float-Operated 

GateRe-determine 
orifice 

sizeFinal 
H 2.0-1.06 =1.04A 
5.25 ft.Orifice 

=2.5 ft. wide2.1 ft. 

highUpstream 

of orificeHGL 

5.40+H=15.40+1.04Regulator 

ChamberDetermine 

setting of regulating gateSubmerge 
by 

0.11 ft.Top 
=16.44-0.11 

=6.33Invert 16.33 
- 1.33 15.00Determine 

conditions 
for 34.2 Head loss at orifice 

ELEVATIONInvert EL 

CA2gH 

34.2 

(0.7» (5.25) 

(8.03» H"H" 
.35 ft.Upstream end of branch 

interceptorDetermine 

at chamber exit by trialfor 

energ balance 3.0 HGL =12.70+3.0 

34.2 - (3.0) 
(2.5) 

4.56V 29 0.32 EL 
15.70 0.32Entrance loss = 0.5 

(1.00 0.32) 0.32EL 15.70 

0.34 

16.04 16.02Check OKCheck HGL downstream 
of orificedsd [1+(- 3.0 1 

(2) 

(4.56 

(1 -3.0) 32.2)0.0) 
2.12.704912.70 

16.44 16.442.70 

14.70 

15.7012.70 5.7016.02 



2.7.3 Float-Operated 
GateELEVATIONInvert 

ELHGL 

=12.70+2.70 =15.40HGL 

upstream of orificeHGL 

5.40 =15.40+1.355.4016.75Regulator 

ChamberFloat 
travel 

HGL for 34.2 
cfs 

16.75HGL for 30.0 cfs= 
16.44F.T.= 0.31 21.00 

- 6.75 

4.25 ft.From Brown & Brown 

Catlog 
coefficient of 

discharge 

% of gate openingCP = 
34.2A2gh 

(3.818.03)4.25=0.54From 

chart 347, Brown & 
BrownFor 

CP 0.54C 0.79and 68.5%Height 

of gate opening 
.685 

1.33 0.9 

ft. 
gate shutter travelS.T.= 

.33-0.9-0.42 

ft.S.T. 
=0.42 =1.35 F.T. 0.31 

1 150 



2.8 Tipping 
Gates2.8.1 

DescrptionThe 
regulator structure is simiar to that requiredfor 

manually operated gats, A typical regulator withtipping 
gate and flap gat is shown in Figure 2..1.1.The 

detail of the tipping gate as used inMilwaukee 
about 1919 is shown in Figure 2.8.1.2.The 

horizontal pivot is located so that one-third ofthe 
plate 

is blow the pivot. The housing for the gateis prcast 
concrete and was made with opening widthsof 12,18, 
and 24 inchs.Th detail 

of th gate as used recently is shown inFigure 
2.8.1.3. 

This gate is made in opning widths of8, 12, 24, and 
36 inches. Where an opening widerthan 36 inches 

is required, multiple gates are used.Ths model of 
tipping gat is used by the AlleghnyCounty Sanitary 
Authority, Pitsburgh, a. The gatdiffers from th gat 

used in Milwaukee in that: (1)The housing is of cast 
mtal rather than concret; (2)the bottom third of the 

plate beow th pivot has adeflection angle of about 
24 degrees with the uppr- part of the plate; (3) 

top of the housing is curvdto provide minimum clearance 
betwen the housingand the top of th plate as the 

latter rotates; (4) themaximum and minimum opening can 
be 

adjustd;and (5) th bottm is fxed rather 
than 

adjustable.2.5.2 Design GuidelinesFor design, 
obtain all pertinent data 

for thecombined swer at the proposed location 
of thrgulator, including diameter, invert 

lvations, slope,average and peak dry-weathr flow and 
peakwt-weather flow. The design flow is 

consideredhrein 
to be the pak dry-wather flow. Similar 

datafo th interceptor at th proposed junction with 
thecollector are required.Compute th hydraulic grade 

and energy lins forpeak 
dry-wather flow, starting at the intrceptor 

andproceeding upstream aong the branch interceptor tothe 
tipping gat chamber. Determine the elevation ofth 

diversion dam in the diversion chambr.Detrmine the 
diffrential head availabl and selectthe size 

of 
gate and gate opening from Figure 2.8.2. Ifth avalable 

diffrential head is greatr than thatrequired for 
the dsign flow, the had can bedecreased by raising me 

branch intercptor andraising the watr surface 
downstram of the gat.Since the data for Fig. 

2.8.2 are based on a minimumdownstream watr depth 
of 10 inches, the tippinggate should b set with its 

invrt 10 inches below thdownsteam water surface. 
f the differential head isnot larg nough to provid 

discharge equal to thedesign flow, the branch interceptor 
should beredesigned, or a larger gate used.Aftr 

selcting the gat opening rquired to passthe 

peak dry-weather flow, the minimum 
gateopening during wet-weathr periods should 

bdetrmined. 

This is done by the trial and 
errormethod using the following steps: () 

Assumediverted discharge; (2) determine downstream 
watersurface; (3) determine differential head; 

(4) selectopening from Fig. 2.8.2 for differential 
head nearestthe assumd discharge; and 5) repeat 

until thassumed discharge is close to the discharge 
selctedfrom Fig. 2.8.2 and approximats the design 

divertedflow.Sample computations ar given in 
paragraph2.8.4. 

The gven conditions arc the same as those 
usedin 

the sampl computations for the manuallyoperatd 
gat. It should be noted that the ratio ofpeak 

wet-weather flow to avrage dry-watherflow 
is 4.9 for th tipping gate, compared to6.8 for th 

manually operatd gat. For this asonthe tipping gate 
is considered prferable to themanually operated 

gate.The hydraulc profile for th design divrted flowof 
2 is given in Fig. 2.8.4.2. The hydraulic 

profilefor the maximum 
diversion 

of 2.45 cfs in stormpriods is shown in Fig. 
2.8.4.3. Fig. 2.8.4.1illustrates the hydraulic condiions 
affecting the gate.At the diversion equal to 

the peak dry-weather flowof 2 cfs the differntial 
head (A) is 0.4 feet and thegate opening is 5.0 inchs. 
When the differentia had is 0.9 feet, the upstream 

head is 2.0 feet and thegate begins to close. When 
the flow reaches itsmaximum elevation of 19.6 feet in 
the combinedsewer the differential head is 2.89 fet, 
thopening in the gate has been rducd to 2.56 

inchesand the flow divertd to the interceptor 
through thegate is 2.45 cfs.2.8.3 Design FormulasIn 

connection with their contract for furnishingtipping 
gat regulators to th Wyoming ValleySewrage Project, 
the Rodney Hunt 

Company wasrequired 
by and the project engineers,to hav the gate 

calibrated by laboratory test. Thesetsts wre 
made at the Research Laboratories,Worcestr 

Polytechnic Institut, Worcester, Mass. Thefollowing charts 
from this report are rproducedthrough the courtesy 

of the yoming ValleySewerage Authority.a. Figure 
2.8.2 shows the rlation betwendischarge through a 12-inch 

wide gat and thedifferential head between the 

watr levlsupstream and downstream level 
constant at 10,16, 

22, and 28 inches and varying the upstreamhead. 
Whre two curves arc shown for a givenopening 
the lower curve rpresents the flow for 

adownstream elvation of 10 nches. Otherwise51 
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the curves represnt average of the data forall 
downstream heads. Figur 

2.8.3 shows upstram watr levls atwhch the 
gate 

starts to close and to open. Fromthse data it 
is apparent that the upstream dpthmust be about 

2 feet before the gate starts oclose and the 
difference in had may varybetwen 0.2 feet 

and 1.5 feet depending uponupsream and 
downstream levels. The data on thelevations at whch 

the started to open wereobtained by stopping all 
inflow to th chamberupstram of the gate. Sinc 

this condition is notlikely to occur in the field, 
these data areconsiderd to have little 

significance in th designof the gate.For design puposes 
similar 

charts 
should beobtained from the gate manufacturer 

for th varioussize gates to b used.2.8.4 Sample 
ComputationTipping 

GatePertinent data diameter 
quantity 

of flow 
depth 

of flow 
velocity slopeInterceptor 

sewer D 36 
Invert e. 

=10.0Water 

surface 12.4Combined 
sewer - Deign 100 

D 54 Invert el. 

16.0, 
S 0.0026Manning 0.03, V 6.4 

(fulQ VFlow cfs ft. fps Drweather 
flow 0.5 0.3 1.8 16.3Dry-weather 

- peak 
2.0 0.5 2.5 

6.51-year 

storm 60.0 2.5 6.7 8.510-year storm 00.0 
3.6 7.2 9.6Distance from interceptor 

to regulator 100 hydraulic 
grade lineEL energy lineDesign 

Q 2 cfsBranch Interceptor00 n 0.013 Da.10s 
0.008 V 3.7 fps at 0.8 
depth 1.13 

3.7 
4.2 fps57 
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2.8.4 Tipping 

GateDiversion 

dam 
elevation=16.0+0.56.5Try 

12" gate Figure 2.8.2For 

5.0" opening and 0" tail water differential head 
0.40Downstream 

6.5 - 0.4 =16.1In Figure 

2..3.1 for vertical orifice, downstream is15.92. Therefore 
lower branch interceptor by 6.12 — 16.0 0.02 from that 

shown in Figur 2.1.3.1.Branch 

InterceptorDownstream 

invert14.25 
- 0.02Neglect 

critical 
depth 14.23+0.8 (0.83) 

=14.23+.66Friction loss 00 
0.008 

0.80Upstream 
endEntrance loss 0.5 V 2 

0.14Neglect 

friction and bend loss in 

chamberSet 
chamber invert 10" 

belowWS16.0-083differential 
head 6.50 16.0 

0.40 
2.0 

for 12" gate and 5.0"opening from 

Figure 

2.8.2ELEVATIONInvert 

EL14.235.0315.0315.2714.8915.6915.8316.1015.1615.9616.016.10Determine 

diverted 

flow 

in 
storm 

periodHGL 
in 

combined 

sewerQ 

assume10" branch S=Lower end top 

10-year storm -year 

storm9.602.40.028.502.20.0101 

This 
neglects critical 

depth 

at lower end and 
assumesHGL 

is 

at 
top 

of 

pipe.60 
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2.8.4 Tipping Gate0-year storm1-year 
stormExit 

loss 
Friction 

loss 00 Entrance 
loss 0.5 V 2g downstream 

of gatedifferential 

head on gate12" gate 
2.56 

opening Diverted 
WWF 

Ratio0.50.301.200.1516.712.892.52.454.90.251.000.1216.432.072.2.154.32.9 

Cylindrical 

Gates2.9.1 

Description.An 
isometric 

diagram of the 
cylindrical ate isshown in Fig. 2.9.1. Combined 

sewer flow is divrtdby a dam through an opning in 

the side of the swrinto the gate hamber. Th divered 
flow dropsthrough the horiontal orifice to the 

Tile operation of this device, when controld bythe 
sewage level in th branch interceptor, is shown 

inFigurs 2.9.1B and 2.9.1C. When the levl in 
theinerceptor 

is low, as in Fig. 2.9.1B, th air-vent 
pipprevents the formation of a vacuum in interior ofthe 

gate and th gate stays open. When the lvel inthe 
interceptor riss o a predetermined elevation theswage 

blocks 

the air-vent pipe, as shown in Fig.2.9.1C. The of 
air produces a vacuum inthe interior of the 

cylindrical gate and atmosphericprssure forces the gate 
down and closes the orifce.Th control of the gate 

by the sewage levl in thecombined sewr is shown in 
Figurs 2.9.ID and.9.E. When the levl in the sewer is 

low thecounterwight keps the gate open, as in 
Fig. 2.9.ID.When h sewage level rises, the 

weight of th liquidon the conica part causes the gate 
to lower and closthe orifcDNAMC REGULATORS-AUTOMATIC2.10 

Cylinder-Oprated Gates2.10,1 DescriptionThe 
cylinder-operated 

gate may consist of two 
tofour 

chambers: (1 A divrsion 
chamber; (2) aregulator 

chambr containing sluice gat, cylinder 
andfloat or bubbler tube; (3) an quipment 

chamberwhen lectrical equipment is required; and (4) a 
tidegate 

chamber, if requird. On some deep and 
largechambers the diversion and flap gate chambers mayb 

combined, but the other chambers should remainsparate. 
Whenever possble it is desirabl toconstruct 

the quipmnt chambe above ground.The divrsion chamber 
contains an overflow damto divert th DWF 

into 
the adjacent regulatorchambr. The top of 

the diversion dam is usualy setto minimize the 
raising of the upstream ofth rglator during 
storm flows and prevnt backflooding The diversion 

channel invert is sothat the peak DWF will be divrted 
withoutovertopping th dam. During wet-weathr 

periods theexcss flow goes over the dam to the tide 
gatechambr 

and thence to reciving waters. The 
openingbtween the diversion chamber and tide gate 

chamberis equipped with on or more tide gats.The 

regulator chamber provides for a Undr-operated 
sluice 

gat which govrns deamount of flow to the 
interceptor. 

Th action of thcylindr is rated 
to th sewage level in the sewer bya 

snsing device which can be sensiive to citherupstream 
or downstream flow conditions- The latterlocation 

is used if h main bject of the regulator isto avoid 
overloading the intrceptor and treatmntplant- 

Generally, the sensing device is a float or abubblr-tube. 
The cylinder is oprated either bywater, air or oil 

prssure. Floats may be used inconjunction with 
cylinders operated by waterprssue to avoid the addition 

of comprssed airequipment. During dry-weathr 
periods the sluicegate is fully open. In wet-weather 

periods the risingsewage level will raise 
the float or increase theprssure in the bubbler 

tube so that th gate willpartialy clos. The float 
or bubbler tube is locatd in62 
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a special well connected to the flow channel by 
atelltale 

passage.When 
the sensing device is located downstream ofc 

gate it is gnerally necessary to install a controldevice 
to maintain flow in the regulatorchamber. One 

control which is satisfactory is verticaltimbr stop 
logs 

used to decreas the channel width.A vrtical slide 
gate also can be used as control toact either as a 

wir or an orifice on the bottom of thchannel. Th use of 
vertical wood stop logs has theadvantage that th 

width of channel opening can beadjusted in th field, 
and there is nothing to impedethe discharge of debris 

which may be carried on thebottom of the channel 
or may be floating on thesurface of th flow.Whil 

the hydraulics of 
the regulator can becomputed, adjustments 

are usually required in thefield to accommodate 
actua flow conditions. Usuallythe float or bubbler tub 

is set to act when the flowlevel is about one inch 
above the actual peakdry-weathr flow line to 
insure that all sanitary flowin dry wather is diverted 

to th interceptor.Watr used as a prssure medium 
is usuallyobtained from the public water 

supply. Prvention ofcossconncon hazards will requie 
the use of checkvalves, vacuum breakers, and air breaks 

in drain lines,based on effective design criteria. 
Since the pressurein the war system may vary, the hydraulic 

cylindris usualy designed to operate on a minimum 
pressureof 25 For small gates this pressure is 

adequate butfor large gates a vry large hydraulic cylinder 
wouldbe required. Non of the cylindermanufacturers 

will guarantee cylinders for wateroperation. 
Therfor, the gate manufacturer isrequired 

either 
to build the cylinder or go to aspeciality 

manufacturer for it. The chief advantage ofthe 

use of water is that no lecrical power is requirdand, 
henc, the functions during powrfailures, and a chamber 
is not needed forinstallaion of air comprssors 

or elctricalequipment. Tightening of th packings 
around thepiston rod and tail rod, if overdon, 

may increase thefriction forces. Somtimes valves 
become inpeativedu to rust or scale in the watr 

supply. 
To preventthis a strainer should be installed in 

th supply line.Maintenance checks are ncessay to 
insure thatclogging of the strainer does not cause 

gatmalfunctions.When air is used as a medium for 
operating thegate a sparate chamber is provided 

for the 
aircompressors and electrical equipmnt. Air has 

beenused 
at pressures of 90 to 100 psi. The 

disadvantagesof this system arc: (1) Elctrical power is 
requiredwhich is subject to failure; (2) a separate 

chambrmust be provided to house the electrical 

andcompressed 

air equipment; and (3) difficulty isxperienced 
in maintaining electrical equipmnt 

insubsurfac 
chambers. Some jurisdictions using airpressure 

for cyindr operation have converted to 
oilpressur.Rcent practice in cylinder-operated gates 

seemsto favor oil as a mdium rather than air or watr. 
Oilhas been 

used at pressures of 350, 750, and 3000 psibut 
pressures from 600 to 750 psi ae favoed. Toreduce 

corrosion, separate chamber, prefrablylocated above 
ground, is provided for electrical andpumping 

equipment. The use of oil results in lsscorrosion of 
valves and cylinders than the us of airor water. 

Smaller cylinders are needed to operate thgate due 
to the higher pressures used. Thedisadvantages ae 

similar 
to those listd fo aircylinders.A ypical plan of 

a cylinder-operated sluice gateregulator 
using watr pressure is shown on Fig.2.10.1.1. 
schematic 

diagram of cylinder-operatedsluice gate regulator 
using water pressure is shown inFig. 2.10.1.2 

and one using ol pressure in Fig.2.10.1.3.The 
water-pressure operated cylinder, as shownin Fig. 2.10.1.2, 

functons basically as follows: (1)Water supply 
is 

usually 
obtained from a public watrsupply system which 

should be protcted withadequate prevntion devices; 
(2) cylindersshould be sied and designed for actual 

prssur of atleast psi less han minimum 
available pressurspecifed by the user; and (3) water 

pressure on thecylinder is controlled by a vave of the 
vrticalplungr type which is actuated by a float 
in a wellconnected o th channel downstream of the 

sluicgat.Thre arc four pipe connections to the 4-wayvalv; 
(1) From the water supply; (2) to waste; (3) tothe 
top of th hydraulic cylindr; and (4) to thebottom 

of 
th hydraulic cylindr. In dry-weatherperiods 

the float is down, the valve is up and thewater 
prssure 

is supplied to the bottom of thehydraulic 
cylinder to keep the sluice gate wid opn.During storm 

periods when th flow line in thechannl reaches 
a predetermined level, the float rises,causing 
th 4way valv to lowr. This results inadmission of water 

pressure in the bottom of thecylinder, thus 
causing the gate to close. As thedischare through the 
orifice decreass the flow linein the regulator 

chamber falls, causing a reversal ofthis procedure. 
Thus the gate will hunt" for itsproper position. A 

needle valv is used to control the64 
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2.10.1.3SCHEMATIC 



rat at which the water pressure is transmitted to 
thecylinder to prevent rapid movements ofthe gate. The 

usual installation will involve a verticalmovement of 
the float of inches and of the valve inch.A 

cylinder-oprated gate using 
oil pressure, asshown in Fig. 2.10.1.3, 

functions 
as follows: An aircompressor supplies air 

continuously to a bubblersensing device located downstream 
of the gat. Thepneumatic pressur on the 

bubblr-tube istransmitted to a "positioner" on 
the cylinder. Oil isfd by an rivn pump to 

theaccumulator 
where the oil is kept under pressure 

byair supplid from the air compressor. When theposition 
of the gate is out of balance with the 

levelindicated by the bubbler-tub a signal from thpositioner 
actuates a pneumatically operatdfour-way 

vave in the hydraulic control, which directsthe 
oil to the top or bottom of the cyinder asrequired 

to open or close the gate.Regulators of this 
type 

have been installedwithout a 
"positionr." Its use results in lss"hunting" 

by 
the gate and is recommended.A manual or 

operated 
pump should beprovided for gate opration 

in cas of power failure,The major 
advantage of this rgulator is that thegate position can 

be tansmitted to a mote controlpoint eithr by a 
pneumatic signal, for disances up to800 feet, or by 
an 

electrical signal to any distance.Such a systm can also 
permit positioning of th gatfrom the remote contol 

point.2.10.2 Design Guielines.Obtain all petinent 
data 

for the combined sewerat the 
proposed location of the 

reguator. This willinclude diameter, invert 
elevaion slope, avrage andpeak dry-weather flow and 
peak 

storm flow. Obtainsimilar data for th intrceptor at 
th proposedlocation of its junction with the 

branch 
intrceptor.Aso obtain data on high water evls 

in the receivingwatrs. If the intercptor is being 
designed inconjunction with th regulator, assume an 

elevationfor the interceptor and adjust as found 
necessary bysubsequent computations for the regulator.After 

making a preiminary layout the nergy 
andhydraulic 

grade lines should be computed for 
thebranch intercptor, regulator and combind 

sewer.Insofar 
as possible, the dsigner should 

selectelevations 
that will resut in uniform fow. 

Ifnon-uniform 
flow occurs it may be necssary tocompute 

backwater or drawdown curves.Initial design 
should be made on the basis ofdiverting the 

maximum 
dry-weather or peak sanitaryflow, 
when peak sanitary flow occurs in both 

theintercptor and branch intercptor. The elevation ofthe 
water surface in the combined sewer as 

thuscomputed 

should be below the elevaion of thediversion 
dam, which usually is established as sixinches 
abov m invert of the combined sewer. Thesizes 

and elevations of the proposd structues shouldbe 
adjusted as necssary so that this computed 

watersurface 
is just below the dam elevation.Th hydraulic and 

energy grade lines also shouldbe determined for th 
maximum storm flow and paksanitary flw 

in 
the combined sewer and peaksanitary flow in the 

intrceptor. If the receivingwatrs into which the 
combined sewer discharges aresubject to 

variation in evation the effect of thisvariation 
should 

be included in the computations.Good design 
requires that the water surface inthe float well will b 

dependnt on the flow throughthe sluice gate and 
not be affected by flow conditionsdownstream 

in the branch intrceptor or intercptor,and the divrsion 
chamber and tide gate, if used, willnot raise the 

water surface in the combined sewerduring storm flows 
to an xtent that damage fromooding will occur upsream 
of the regulator. If thereare downstream constraints 

on the interceptor and ifxcesive flows arc 
diverted to he interceptor, it mayb possible for the 

hydraulic gradient to risesufficiently in the regulator 
chamber to caus thefloat to clos the sluic gate compltely, 

thuseiminating all flow inteception.2.10.3 
Design FormulasThe sample computations given rc 

based on thehydraulic formuas outlined below. The 
designer maywish to analyz the 

poblem in more detail 
than isgiven, by rfernce to txts on hydraulics.As 

a result of turbulnt ow in the rgulatorduring 
priods of peak flow and because of clogging,it is 
doubtful if any regulator wil act exactly 

asdesigned. Th designr must use judgment as to 
howprecise his computations shall be mad. Th followingare 

design considrations:a. Friction losses in pips 
and channels.Frction losses in th computations 

hereinarc based on the Manning formula using aconstant 
friction coeffcient with 

variationin depth. Contraction or inlet 
loss.where head loss in fet 0.5 for 

sharp-cornered nrance 0.1 for gradual 
transition upstream velocity in downsteam velocity 

in fps 
Enargement or outlet loss68 
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whr hed 
loss in eet .0 for sudden 

enlargmn 0.2 for gradual ransition 
upstream vlocity in fps 

downstream veocity in fps 
Loss in bendwher H head loss in 

feet velocity in fps 
Flow 

through 
orificeQ=CA2gwhere head loss 

in ft discharge 
in 

area of orifice in 
square feetC 

0.7 for sluice gat or 
vertical orificeC 0.6 

for horizontal plate orice Dicharg 
hrouh pnin betwn vricalslop plankswhere Q 
dischare in s opening width in 

flH 

ttal upstram of stop panksTh abov is 
applicabe 

only 
if he downstreamwatr 

dpth is 2/3 or less 
of the upstram head. 

Critical 
dpth.Critical depth may be determind 

forrctanular and circular conduits from 
Fig.26 and for circular conduits from XVIboth of 

which are in Manual 
No. 27. Backwater and drawdown 

curves.thse curves may be computed by cither 
ofthe methods illustrated in Tables XV andXVI 

in ASCE Manual No. 27-2.10.4 Smple 
ComputationCyinder-Operated 

GatePertinent 
dataInterceptor sewerD 60 Invert 

el. 10.0, el. 14.0Combined sewerD60, 
Invert E. 17.0, 

0.0022Manning 

0.013 V (full) 
6.2 fpsQ Peak 

dryweatherPeak 

storm 

cfs1530120dft..20.704.00W.S.8.2018.7021.00Vfps4.35.27.0 

Includes 

peak 
dryweather 

flowDistance from interceptor 

to regulator on combined sewer is 

100 
ft.For hydraulic 

profile see Figure 

2.10.4 



2.0.4 Cylinder-Operated 

GateInterceptor 

Peak lowBranch 
Interceptor 

0.03D=30in Q30cfs, s 

0.0054 0.8 x 2.5 2.0 

ft.V=1.3x6.2fps 
0.76 

ft.Lower 

endPipe 

outlet 
oss 

(0.76 
- 0 

0.76Upper endFriction loss 00 0.0054 

0.54ELEVATIONnvert 
EL10.00 14.0012.00 

14.0014.7612.54 
14.54 

15.30Reulator 

ChamberSay 

b= 

2.5 ft d2.0.V= 

30 

6.0fps2.5 x 

2.0Pipe 
inlet loss 0.5 

(0.76 
- 0.56 

0.0HGL 
15.40 

- 
0.56Invert 

= 14.84 - 2.0Determine if flow is 
stabe 

from Figure 26 
Manual 37 30 2.5 

feet 0.65dc 0.65x2.5 1.622.0 .24 1.15 Flow 

is 
stabe1.62However 

to reduce 
chance of 

backwater effect 
frominterceptor raise flow line 1.0 

foot 

by insertingvertical stop logs in 
channel2.5414.5415.3015.404.8412.84 3.0 feetV3.012.84 15.842.5 

x 3.0 0.25 ft. 4.0 16.0971 



2.10.4 Cylinder-Operated 

GateDetermine 

stop log opening 

3.09 30 3.09 

(3.0 0.25)b= .65 feet 
opening)Condition 

upstream 
stop ogsChannel friction 

lossL10. n= 0.05V=4.0fps 

r0.88From 

0.0018Friction 

loss 10 x S 
0.02ELEVATIONInvert 

EL12.84 15.84 

6.0912.84 

15.86 

16.1114.1Assume 

complete 

loss 

of velocity of 

discharge 

fromsluice gate from impact on granite 
slab:Upper 

end of channel 2.84 16.1 16.11Reguator 
ChamberHead loss in sluice gateTry 

30 in. x 24 in.Q 

30 (0.7) (2.5) (2.0) 
(8.03) HH =.04 

ft.Diversion 

ChamberInvert =16.11 -2.016.1+1.04Approach 

Channelb 

2.5 ft.d= 
7.15 

-4.11 =3.04 ft.V 
30 

=4.0fps2.5 
x 3.0Neglect 

friction 
loss in channelBend loss 
0.25 (0.25 

=0.06Required 

upstream of bendAvailable in 
combined 

sewerDam elevation 
17.00 

0.5 7.50 7.21 Design 

OK17.1517.404.17 17.21 

17.467.21 
17.467.00 8.70 19.1272 



2.10.4 Cylinder-Operated 

GateDetermine 
sluice gate opening during peak storm 

=120 in combined sewer 
=21,00 

in combined sewer 2.0016.1 
4.89 ft.Q =CA2gHQ 30 

cfs through 
sluice gate30 (0.7) (2.5 

(8.03) V 4.89 0.97 ft. — height 
of 

gate openingThus gate travel is 2.0 

- 0.97 1.03 ft.The following adjustments 

could be made in the foregoing design. Since the computedHGL in the diversion 
chamber 

is 0.29 feet 17.50 -17.21) below the top of the dam the invertof the structure between 

the diversion chamber and the stop logs could be raised 0.29 feet.Since the stop logs control 
flow upstream thereof, the HGL downstream of the stop logs coudbe lowered by decreasing 

the length and/or increasing the diameter of the branch interceptor.Since the drop in EL at the 
stop logs is 0.69 feet (6.09 - 5.40) any rise in water surface ofthe interceptor exceeding 

0.69 
feet will result in backwater effect on the regulator.2.11 Motor-Operated 

Gates2.11.1 

Description.A regulator 
using a motor-oprated 

gate consistsof two to four chambers; (1) 

A diversion chamber;(2) regulator chamber containing 
th sluice gate and asensor; (3) motor chamber; 

and (4) tid gatchamber, when required. On some 
deep nd largechambrs the diversion and tid gate 

chambers maybe combined but the other chambers 
should remainsparate. Whnever possible it is 

desirabe 
toconstruct the motor chambr above ground. 

Thedivrsion chamber is as described 
forcylinder-operated gates in 2.10 of this 

Sction.The gulator chambe ontains a motor-operatedsluice 
gate which govrns the amount of flow 

divertedto the intercptor. The action of the gate relates 
tothe swage level by a sensing dvice which cn beused 
to respond to flows either upstream ordownstream 
of the sluice gat. Th latter location 

isusd if the main objct of de rgulator is to avoid• 
overloading the interceptor and treatment plant. Thesensor 

could be sealed lecrode type pressur celltype or 
possibly pressure-sensitive electric type. Afloat or 

compressd-air bbblr tub could also beused. The design 
of the rgulator chamber is similarto that of the 
cylindr-operatd gate (sec 2.10.)2.1.2 Desig 

Guidelines.Guidelines for hydraulic design are the same 
asthose for the cylinder-operted 

gate. Design formulasfor sample 

computations 

for this regultor are asindicated for the 
cylindr-operated gats.2.12 Exteal Self-Priming 
Siphon2.12.1. DescriptionThis dvic is currently 

in us in Europe and is anew ow 
control 

method which 
could lend itself to"total systems control."The 

exteal self-priming siphon uses an xteriordevice to 
prime the siphon and th 

dsign of thesiphon conduit is not as critical. A 
siphon of thisyp, as shown in Fig. 2.12.1, was 

proposed by A.Moan and of France, for use as 
aflood-stage or tide-watr check valve (tide gate) 

toprotect the interceptor. When the upstram 
watersurface is higher than th downstram water surfacethe 

sewag will flow through an orific plate in 
thetop of the priming tube and through the priming 
tubto the downstrem sid. This flow will carry air 

withit, 
causing a partial vacuum on th undrsid of 

theorifice. 
By connecting he summit of th siphon tothe 

priming 
tube, vacuum is created on the siphonsummit, 

causing the siphon to discharge. To prevent in th 
opposite dirction a float and airvalv device is 

provided 
so the downstreamlevel raisesthe float an 

air valve is open, allowing airat atmospheric pressure 
to nter the summit. The useof this typ siphon with 

a Ponsar Reguator" as a73 



combid sewr rgulator is descibed in ubsequntparagraphs.Th 

siphon 
also has ben used in wastwater treatment 

pants but, so far as is known, hasnot been usd in 
either the United States or Canadan connection with 
combined sewer regulators. Thetreatment plant in 
Gneva, Switzerand, utilizes thistype of siphon- to 

automatically distribute flowqually to the remaining 
number of treatment unitsin operation if one or 

mre is taken ut of service,and to divert flows in 
excess of fixed toother units of th treatment plant.ts 

us also has been suggested for 
diverting apredetrmined amount of combined sewer 

flow to aplant, as shown in Fig. 2.12.. The 
minimum flowthat can be diverted by this type of 

siphon isgoved by the fact that, to prevnt 
cogging, thepriming tube should have a minimum diametr 

ofeight inches and the orifice a minimum diameter 
ofive inches. Using these sizes the application 

of thePonsar siphon to dvrsion flows less than 
wouldnot seem practical.The priming tube is used to 

deveop 
negatipressures 
in the siphon summit. If the inlet and 

outltbranches of siphon arc submrged, a priming tubecan b 
utilized ffectively to establish provided air 

evacuation 
velocities are developed in thepriming tub 

and its cross-sectional area is lagenough to pass suspendd 
matrials transported bythe incoming waste water 

flow.Upon establishment of appropriate 
vacuumconditions 

within the siphon the 

watr column willrise to th summit of the 
siphon and flow wil bestablished over the siphon 

crst or weir into thediscage branch. By controlling 
the intensity ofvacuum conditions within the the 
can be effectively regulatd to desired 

disclarglimits.Basic Components:Th siphon installation comprises 
three basicelmnts: (1) An branch with a 

priming 

tubwithin the upflow 
branch (2) a vacuum chambrwith a vacuum 

regulating device; and (3) dischargebranch. A 
slf-containd 

siphon installationincorporating these 
basic elements is shown in Fig.2.12.1.Th priming tub 
consists of a priming pipe withan orifce plate 

attachd at the top. The orific is setat a vel 
enough 

above the crown of the inetswer to assure continuously 
complete submergenceat entry to the siphon upflow 

banch. The lower endof th priming pip extends to the 
flow level of thereciving conduit where it must 

be 
submerged belowhe lowest downstream disclarge 

level.Th 
orifice serves to esablish a jet dischargewhich 

draws entrapped air from the space directlyunder 

the orifice, surrounding the jet 
contraction,and 

from the siplon summit through an air 
suctionpipe installed for tha purpose. The air 

and wastewater mixture is drawn down the priming pipe 
whreth air escapes to the downstream water surface. 

Therat of air vacuaion lends to increas with 
length of the priming pipe. Th pipe connction fromthe 

siphon summit to the priming pipe, immdiatelybeow 
the orifice srves to remove air from th siplonintially 

and after full flow is establishd.Consideration 
of Flow Cnditinsin Priming PipeExperimental work 

reported by in"Hydraulics of Vertical Drains and 
Overflow 

Pipes,Bulltin No. 26, Studis in Engineering, 
University ofIowa," provids 

data on flow 
in pipesroughly comparable to flow 

conditions 
in a primingtube. In accordanc with Kalnskes 

findings, memaximum ratio of air remova to water flow 
isapproximately 0.65 when discharging about 1.1 
cfs ofwater through 6-inch dameter pip 6.67 ft. 
long,nd is approximately 1.0 when the water 

discharge isat a rat of 1,0 cfs in priming tube 
11.0 ft. long. Forshort pipes of 2- to 3- ft. length, 

jet flow occurswitout touching the walls of the 
pipe. The negativeprssure immdiatly below me pipe 

raneincreases with th discharge and lngth of pipe.Although 
longer pips will produce a higher vacuumthe discharge 

does not incrase correspondingly. Ingenral, the 
ratio of had on the priming pip pipe diameter 

is proportional to the number, particularly 
when the priming pipe i notflowing full. However, 
th Reynolds numbr bcomsimportant when the priming 

ppe begins to flow full.Th critica valus of at which 
me latter occursmay be estimated at approximately 

0.9 to I.I forpipe lengths ranging from 20 to 
50 pip diametrs.The orifice may be expected to 

modify 
the criticalAir bubbles will tend to rise against 

thedownwad water flow at a vlocity of approximately0.75 
Therfore, downward current veocitiesgreatr 

than 0.75 fps must be maintained to evacuateair. 
For effective priming, a ncessary condition isthat 
the 

rate of liquid in the priming pipemust 
xced 1 fps and should preferably be about 2fps. As 

air is rmovd from the siphon an equivalentvolume 
of water will be drawn up into the siphon andinto 

th 
priming tube. Similarly, aftr flow isestablished 

over the crest of the sipon, more air will75 


